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(54) ADAPTIVE ARRAY ANTENNA 

(57) The outputs of antenna elements 11 t to 11 M of 
a wide directional pattern 12 are distributed by a distrib- 
utor 13 to respective channel parts 14-, to 14 N , and in 

each channel part 14i (i=1, 2 N), its connection 

points 31 ! to 31 M to the distributor 14 are divided in 
groups of P=4; four connecting ends of the respective 
groups are connected via level-phase regulators 23-) to 
23 4 to combiners 22 1 to 22 L (L=M/P). then the com- 
bined outputs therefrom are applied to receivers 15^ to 
15 L , and the outputs therefrom are combined after 
being applied to regulators ^6^ to 16 L which are adap- 
tively controlled. In the channel part 14 1t coefficients W 1 
to W 4 are set in regulators 23 1 to 23 4 to obtain a subar- 
ray directional pattern 24 and a combined directional 
pattern 19 is controlled within the range of the subarray 
directional pattern, and in another channel part coeffi- 
cients W 5 to W 8 are set in the regulators 23 1 to 23 4 to 
obtain a subarray directional pattern 26; by setting the 
regulators 23 1 to 23 4 of each channel part, a wide area 
is covered as a whole. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an adaptive 
array antenna for use, for example, in base stations of 
mobile communications which has a plurality of antenna 
elements grouped into subarrays that fixedly define the 
control range of directivity. 

PRIOR ART 

[0002] Fig. 1 depicts the basic configuration of a con- 
ventional adaptive array antenna disclosed, for exam- 
ple, in Takeo Ohgane et al., "A Development of 
GMSK/TDMA System with CMA Adaptive Array for 
Land Mobile Communications." IEEE 1991, pp. 172- 
176. M antenna elements 11-j to 11 M are equally 
spaced, for example, by a distance d, and each have the 
same element directional pattern 12 of a large beam 
width, and they are connected to a high-frequency dis- 
tributor 13; received signals via the antenna elements 
1 1 1 to 11 M are each distributed by the high-frequency 
distributor 13 to channel parts 14 1 to 14 N , that is, the 
received signal via each antenna element is distributed 
to N. The antenna element spacing d ranges from a 
fraction of to several times the wavelength used. 
[0003] In each channel part 14; (i=1, 2, .... N) the 
received signals from the M antenna elements distrib- 
uted thereto are applied to M receivers 15! to 15 M , 
respectively. Baseband signals from the receivers 15 n 
to 15 M are provided via level-phase regulators 16! to 
1 6m to a baseband combiner 1 7, wherein they are com- 
bined into a received output; the output is branched to 
an adaptive signal processing part 18, then the level- 
phase regulators 16-| to 16m are regulated to minimize 
an error of the received baseband signal, whereby the 
combined directional pattern 19 of the antenna ele- 
ments 1 1-j to 1 1 M is adaptively controlled as shown, for 
example, in Fig. 1 so that the antenna gain decreases in 
the directions of interfering signals but increases in the 
direction of a desired signal. This allows the base sta- 
tion to perform good communications with N mobile sta- 
tions over N channels. An increase in the number M of 
antenna elements increases the gain and enhances the 
interference eliminating performance. At the same time, 
however, the number of receivers 15 also increases and 
the amount of signal processing markedly increases. 
[0004] With a view to solving the abovementioned 
problems, there is proposed in Japanese Patent Appli- 
cation Laid-Open No.24702/87 an adaptive array 
antenna of such a configuration as depicted in Fig. 2 
wherein the array antenna elements are divided into 
groups (subarrays) each consisting of several antenna 
elements, the high-frequency received signals are con- 
trolled in phase and level and then combined for each 
subarray and the combined signals are each distributed 
to the N channels. In the illustrated example, subarrays 



21- j to 21 L are formed in groups of four antenna ele- 
ments, and for each subarray, the received signals are 
combined by one of high-frequency signal combiners 

22- ( to 22 L . Each subarray has high-frequency level- 
5 phase regulators 23 1 to 23 4 connected to the outputs of 

the antenna elements, in which coefficients W 1 to W 4 
are set to regulate the levels and phases of the received 
signals so that the subarrays 21 1 to 21 L have the same 
antenna directional pattern 24. The outputs of the high- 

10 frequency signal combiners 22 -j to 22 L are fed to the 
high-frequency distributor 1 3, from which they are dis- 
tributed to the channels 14-, to 14 N . The subsequent 
processing is the same as in the case of Fig. 1 . 
[0005] In this instance, the number of receivers 1 5-j to 

15 15l in each channel part 14j is reduced to L, in this 
example, M/4, and the number of level -phase regulators 
16-f to 16 L is also reduced to M/4, that is, the amount of 
hardware used is reduced; besides, the gain of the over- 
all directivity (combined directivity) of the antenna ele- 

20 ments 1^ to 11 M increases and interfering signal 
components are also removed suff idently. However, the 
range over which the combined directivity can be con- 
trolled is limited only to the range of the subarray direc- 
tional pattern 24, and hence it cannot be controlled over 

25 a wide range. That is, when the direction of the subarray 
directional pattern is changed as indicated by the 
dashed line 26 in Fig. 2, for example, by setting coeffi- 
cients W 5 * to W 8 ' in the level-phase regulators 23^ to 
23 4 , respectively, the range over which the combined 

30 directional pattern 19 can be regulated by the level - 
phase regulators 1 6 1 to 16 L is limited specifically to the 
range of this directional pattern 26. The range over 
which to track mobile stations is thus limited, but a wide 
angular range could be covered by such an antenna 

35 arrangement as depicted in Fig. 3. That is, a plurality of 
array antennas 27-) to 27 5 , each consisting of the subar- 
rays of antenna elements in groups of M shown in Fig. 
2, are installed with the subarray directional patterns of 
the array antennas 27 1 to 27 5 sequentially displaced a 

40 proper angle apart as indicated by beams 24-) to 24 5 , 
and the array antennas 27-j to 27 5 are selectively 
switched to track mobile stations in any directions over 
such a wide range as indicated by the beams 24 1 to 
24 5 ; by this, a wide service area could by achieved. 

45 From the practical point of view, however, it is difficult to 
install such a large number of antenna elements as 
mentioned above. 

[0006] A possible solution to this problem is to 
decrease the number M of antenna elements used and 

so hence enlarge the antenna spacing d. In this instance, 
as depicted in Fig. 2, when the width of the element 
directional pattern 12 is large, narrow grating lobes 28 
of relatively large gains, other than the main beam 19, 
develop in plural directions at about the same angular 

55 intervals. In the directions of the grating lobes 28. how- 
ever, the BER (Bit Error Rate) due to interfering signal 
components increases, making it difficult to use the 
antenna. On the other hand, when the directional pat- 
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tern 12 is narrow, no grating lobes appear as shown in 
Fig. 5, but the range over which to control the combined 
directivity 19 is limited by the element directivity 12 and 
a wide range cannot be covered accordingly. 
[0007] An object of the present invention is to provide s 
an adaptive array antenna with which it is possible to 
offer services over a wide range without involving 
marked increases in the numbers of receivers and 
processing circuits and in the computational complexity. 

10 

DISCLOSURE OF THE INVENTION 

[0008] The adaptive array antenna according to the 
present invention comprises: 

75 

a plurality of subarrays of antenna elements 
arranged in groups of at least two, said antenna ele- 
ments each outputting a high-frequency received 
signal; 

a plurality of high-frequency level-phase regulators 20 
for regulating the levels and phases of said high-fre- 
quency received signals from said at least two 
antenna elements of each of said plurality of subar- 
rays, thereby setting the directivity of said each sub- 
array; 25 
a high-frequency signal combiner for combining the 
regulated high-frequency received signals from 
said plurality of high-frequency level-phase regula- 
tors corresponding to said each subarray and for 
outputting the combined high-frequency signal; 30 
a receiver for converting said combined high-fre- 
quency signal from said high-frequency signal com- 
biner corresponding to said each subarray to a 
baseband signal and for outputting said baseband 
signal; 35 
a baseband level-phase regulator for adaptrvely 
regulating the level and phase of said baseband 
signal from said receiver corresponding to said 
each subarray; 

a baseband signal combiner for combining the reg- 40 
ulated baseband signals from said baseband level- 
phase regulators corresponding to said plurality of 
subarrays, respectively, and for outputting the com- 
bined baseband signal; and 

an adaptive signal processing part whereby said 45 
baseband level-phase regulators corresponding to 
said plurality of subarrays, respectively, are adap- 
trvely controlled based on said combined baseband 
signal from said baseband signal combiner to set 
the combined directivity of all the antenna elements so 
in the direction of a desired signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 55 

Fig. 1 is a diagram depicting a conventional adap- 
tive array antenna. 



Fig. 2 is a diagram depicting a conventional subar- 
rayed adaptive array antenna with subarrays. 
Fig. 3 is a diagram depicting a conventional subar- 
rayed adaptive array antenna with an enlarged 
service area. 

Fig. 4 is a diagram showing an adaptive array 
antenna with enlarged spacing between antenna 
elements of a wide element directional pattern. 
Fig. 5 is a diagram showing an adaptive array 
antenna with enlarged spacing between antenna 
elements of a narrow element directional pattern. 
Fig. 6 is a diagram illustrating an embodiment of the 
present invention. 

Fig. 7 is a conceptual diagram showing the relation- 
ship between a directional pattern of a subarray 
and a combined directional pattern of the array 
antenna in its entirety in the Fig. 6 embodiment. 
Fig. 8 is a conceptual diagram showing the relation- 
ship between the subarray directional pattern and 
the combined directional pattern of the whole array 
antenna in the event that their peaks are displaced 
apart in direction in the Fig. 6 embodiment. 
Fig. 9 is a conceptual diagram showing the relation- 
ship between the subarray directional pattern and 
the combined directional pattern in the case where 
side lobes of the subarray are suppressed in Fig. 8. 
Fig. 10 is a diagram showing computer simulation 
results on variations in the subarray directional pat- 
tern by the side lobe suppression. 
Fig. 11 is a diagram illustrating an embodiment 
which suppresses the side lobes by spacing the 
antenna elements at different intervals. 
Fig. 12 is a block diagram illustrating an embodi- 
ment in which the spacing between adjacent subar- 
rays is reduced to d/2. 

Fig. 13 is a conceptual diagram depicting the subar- 
ray directional pattern and the combined directional 
pattern for explaining the effect produced by the 
Fig. 12 embodiment. 

Fig. 14 is a block diagram illustrating an embodi- 
ment in which one antenna element is shared by 
adjacent subarrays. 

Fig. 15 is a block diagram illustrating an embodi- 
ment in which one antenna element and a level- 
phase regulator connected thereto are shared by 
adjacent subarrays. 

Fig. 16 is a block diagram illustrating an embodi- 
ment in which adjacent subarrays are formed to 
overlap by d/2. 

Fig. 17 is a block diagram illustrating an embodi- 
ment in which each outermost antenna element 
spacing of each subarray is 2d and adjacent subar- 
rays overlap by d. 

Fig. 18 is a block diagram illustrating an embodi- 
ment in which two antenna elements are shared by 
adjacent subarrays. 

Fig. 19 is a block diagram illustrating an embodi- 
ment in which two antenna elements and level- 
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phase regulators connected thereto are shared by 
adjacent subarrays. 

Fig. 20 is a block diagram illustrating an embodi- 
ment in which the present invention is applied to a 
transmitting part as well. s 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0010] In Fig. 6 there is illustrated an example of the 
present invention applied to a receiving antenna, in 10 
which the parts corresponding to those in Figs. 2 and 3 
are identified by the same reference numerals. In this 
embodiment the outputs from the M antenna elements 
1 1 -i to 1 1 M are each distributed by the high-frequency 
distributor 13 to the N channels, and the M outputs thus 75 
distributed by the high-frequency distributor 1 3 are input 
into each channel part 14j (i=1, ... N). The number M of 
antenna elements actually used ranges, for example, 
from 8 to 32. In the present invention the antenna ele- 
ments 1 1 1 to 11 m are divided into L=M/P (where P is an so 
integer equal to or greater than 2) groups (subarrays) 
each consisting of P, in this example, four antenna ele- 
ments; for each subarray, the high-frequency level- 
phase regulators 23-, to 23 4 are connected to the out- 
puts of the high-frequency distributor 13 corresponding 25 
to the high-frequency received signals from the P 
antenna elements, respectively, and the output high-fre- 
quency received signals from the high-frequency level- 
phase regulators 23-i to 23 4 are applied to a high-fre- 
quency signal combiner 22j (j=1, 2 L). That is, the 30 

high-frequency received signals from the P antenna ele- 
ments are combined by the high-frequency signal com- 
biner 22j, and then the combined signal is fed to the 
corresponding receiver 15j. The number P of antenna 
elements forming each subarrays is two to eight, for 35 
instance. 

[001 1] The antenna elements 1 1 •) to 1 1 M are equally 
spaced by d on a straight line or circular arc, and conse- 
quently, the outermost antenna elements of adjacent 
subarrays are spaced the distance d apart. That is, the 40 
center-to-center spacing between adjacent subarrays is 
larger than the width (3d in this example) of each subar- 
ray by d. The width of each subarray is 3d. The direc- 
tional pattern 12 of each of the antenna elements 1 1 1 to 
11 M arranged at regular intervals d is wide enough to 45 
cover the intended service area, and the coefficient val- 
ues W-j to W 4 are set in the high-frequency level-phase 
regulators 23 ^ to 23 4 corresponding to each subarray of 
the channel part, for example, 14 v Each coefficient 
value W is a complex signal containing information so 
about amplitude and phase, and is determined by a 
high-frequency level-phase control part 25, for example, 
on the basis of received power from each antenna ele- 
ment of any one of the subarray so that the direction of 
the peak of the subarray directional pattern coincides ss 
with the direction of a desired signal. By this, as 
depicted in Fig. 6, the directional pattern 24 of each 
subarray antenna can be made substantially the same 



as the subarray directional pattern 24 shown, for exam- 
ple, in Fig. 2. The combined directional pattern 19 avail- 
able in the channel part 14-j is controlled within the 
range of the subarray directional pattern 24 by regulat- 
ing the levels and phases of output baseband signals of 
the receivers 15 1 to 15 L in the baseband level-phase 
regulators 16 1 to 16 L through the use of baseband coef- 
ficients Z-j to Z L generated by and fed thereto from the 
adaptive signal processing part 18. The baseband coef- 
ficients Z-| to Z L are complex signals that have ampli- 
tude and phase information. 

[0012] On the other hand, though not shown, coeffi- 
cient values Wj * to W 4 are set, for example, in the high- 
frequency level-phase regulators 23-, to 23 4 of the chan- 
nel part 142, anc * the directional pattern of each subar- 
ray can be provided in a direction different from that of 
the abovementioned subarray directional pattern 24 as 
indicated by the chained line 26. Similarly, the high-fre- 
quency level-phase regulators 23-j to 23 4 of each chan- 
nel part are set so that one of the subarray directional 
patterns 24-j to 24 5 depicted, for example, in Fig. 4 is 
formed by any one of the channel parts 14! to 14 N , that 
is, so that the directional patterns 24 1 to 24 5 are all cov- 
ered by any one of the channel parts 14-| to 14 N . 
[001 3] Thus, the number of antenna elements for pro- 
viding the five kinds of directional patterns shown in Fig. 
3 can be reduced down to, in this example, one^fifth the 
number of antenna elements needed in the prior art, 
while at the same time the wide service area depicted in 
Fig. 3 can be achieved. 

[0014] Fig. 7 conceptually shows the relationship 
between the subarray directivity and the combined 
directivity of the whole array antenna as indicated by the 
broken line 24 and the solid line 19, respectively. The 
abscissa represents azimuth angle and the ordinate 
receiving sensitivity (receiving level). The subarray 
directional pattern 24 is composed of a wide main lobe 
with the maximum peak, and in this example, four side 
lobes adjacent thereto at both sides thereof, each of 
which is about half the width of the main lobe and has a 
lower peak The points of contiguity, P z , of the respective 
lobes of the subarray directional pattern, where the 
receiving level is zero, will hereinafter be referred to as 
zero points. The combined directional pattern 19 con- 
sists of: a set of beam-shaped lobes, five in all, which lie 
in the main lobe of the subarray directional pattern, i.e. 
a narrow beam-shaped lobe having its maximum peak 
in the same direction as that of the abovementioned 
main lobe, and in this example, two beam-shaped side 
lobes which develop at either side of the narrow beam- 
shaped lobe with their peaks spaced at a feed distance 
apart and are about half as wide as the lobe and have 
lower peaks; and pluralities of similar sets of five beam- 
shaped lobes of about the same width which develop 
like echoes at both sides of the above-mentioned quin- 
tet of lobes and have lower peaks. The central one of 
the beam-shaped lobes of each second -mentioned sets 
has a higher peak than the lobes adjacent thereto 



4 



7 



EP 0 917 240 A1 



8 



(beam-shaped side lobes) and about twice wider than 
them. Accordingly, the beam-shaped lobes of the maxi- 
mum peaks in the respective sets are spaced at equal 
angles on each side of the beam-shaped lobe of the 
maximum peak of the combined directional pattern 19, 
and they are commonly referred to as grating lobes. 
[0015] In the example of Fig. 7 the direction of the 
maximum peak of the combined directional pattern of 
the whole array antenna and the direction of the maxi- 
mum peak (hereinafter referred to simply as the direc- 
tion of the peak) of the subarray directional pattern are 
the same, that is, they are at the same angular position 
on the abscissa: since the grating lobes R z are at the 
zero points P z of the subarray directional pattern, they 
are suppressed and reception is hardly affected by 
interfering signal components. 

[001 6] In mobile communication systems, as a mobile 
station moves, the base station repeats, at relatively 
long time intervals (of several to tens of seconds, for 
instance), a corrective action for the peak of the subar- 
ray directional pattern to roughly track the mobile sta- 
tion. Alternatively, in the case where the subarray 
directional pattern covers the angular range of one sec- 
tor (one of service areas into which the cell is divided 
about the base station at equiangular intervals of, for 
example, 60 degrees), the subarray directional pattern 
is fixedly set in accordance with the angular range of the 
sector. Such setting of the subarray directional pattern 
is controlled by the coefficients W n to W 4 which are set 
in the high-frequency level-phase regulators 23 1 to 23 4 
from the subarray level-phase control part 25. 
[0017] On the other hand, as the mobile station 
moves, the base station adaptively controls the levels 
and phases of the received baseband signals by the 
baseband level-phase regulators 16 1 to l^to make the 
peak of the combined directional pattern of the whole 
array antenna track the mobile station at all times. 
Accordingly, when the peak of the combined directional 
pattern of the whole array antenna is made to track the 
mobile station while the subarray directional pattern is 
held unchanged, the direction of the peak of the com- 
bined directional pattern shifts, in this example, to the 
left from the direction of the peak of the main lobe of the 
subarray directional pattern as depicted in Fig. 8. When 
the direction of the peak shifts as mentioned above, the 
combined directional pattern shifts to the left as a whole 
with respect to the subarray directional pattern as 
shown in Fig. 8, with the result that the grating lobes R G 
shift to the left from the zero points P z and enter the 
lobes of the subarray directional pattern, tn conse- 
quence, the grating lobes Rq become large and the 
BER performance is degraded under the influence of 
interfering signal components in the directions of the 
grating lobes. 

[0018] As described above, in the subarrayed adap- 
tive array antenna, when the direction of the peak of the 
combined directivity deviates from the direction of the 
peak of the subarray directional pattern, the grating 



lobes Rq enter the lobes of the subarray directional pat- 
tern, and consequently, the deviation directly affects the 
interference characteristic. In the event that such a devi- 
ation in the direction of the peak is unavoidable, one 
s possible method for reducing the influence of grating 
lobes is to make the grating lobes lower by suppressing 
the subarray side lobes. Then, one possible method for 
preventing the grating lobes from generation in the side 
lobes is to make smaller than 1 the power combining 
to ratio of both outermost ones of the plural (three or more) 
antenna elements of each subarray to the inner antenna 
elements in the Fig. 6 embodiment. 
[0019] Fig. 9 conceptually shows the subarray direc- 
tional pattern 24 and the combined directional pattern 
rs 19 of the whole array antenna in the case where the 
power combining ratio of high-frequency received sig- 
nals from the both outermost antenna elements of the 
subarray to high-frequency received signals from the 
inner antenna elements is selected low, for example, 
so 0.5. As depicted in Fig. 9, by suppressing the side lobes 
of the subarray directional pattern low, the grating lobes 
Rq in those side lobes are suppressed low. To perform 
this, for example, in the Fig. 6 embodiment, when the 
outputs of the four high-frequency level-phase regula- 
rs tors 23t to 23 4 are combined by each of the high-fre- 
quency signal combiners 22-, to 22 L corresponding to 
the respective subarrays, the power combining ratio 
between the two outer ones of the four antenna ele- 
ments and the two inner ones is set to 0.5:1, for 
30 instance. 

[0020] Fig. 10 shows computer simulation results on 
the subarray directional pattern when the peak of the 
pattern of each subarray consisting of four antenna ele- 
ments is in the direction of 30°; the curves #0, #1 and #2 

35 indicate the directional patterns in the cases where the 
signals are combined by the high-frequency signal com- 
biner 22-, in ratios of 1:1:1:1, 0.75:1:1:0.75 and 
0.5:1:1:0.5, respectively. As is evident from Fig. 10, the 
side lobes become smaller with a decrease in the com- 

40 bining ratio of the antenna outputs corresponding to the 
both outer ends of the subarray. Thus, it is possible to 
suppress the grating lobes of the combined directional 
pattern 19 of the whole array antenna that are gener- 
ated in the side lobe areas of the subarray directional 

45 pattern. 

[0021 ] While the side lobes can be suppressed low by 
controlling the combining ratio of the subarray received 
signals, they can also be suppressed by controlling the 
density of arrangement of the antenna elements of each 

so subarray. That is, by spacing the both outer antenna ele- 
ments of each subarray at longer intervals than the 
inner antenna elements, the received signal power from 
the both outer antenna elements of the subarray can be 
made smaller than the received signal power from the 

55 inner antenna elements-this produces the same effect 
as is obtainable by controlling the combining ratio in the 
high-frequency signal combiners 22 -j to 22 L . Fig. 11 
illustrates an embodiment in which the side lobes are 
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suppressed by changing the antenna element spacing 
in the subarrray. This example shows the case of spac- 
ing the two middle antenna elements of each subarray 
in the Fig. 6 embodiment at shorter intervals than d, 
thereby spacing them apart from the outer antenna ele- 
ments on both sides thereof at longer intervals than d. In 
this instance, the width of the subarray is 3d as in the 
case of Fig. 6. In this embodiment, the input received 
signals are combined by the high-frequency signal com- 
biners 221 to 22 L without changing their power ratio. 
[0022] As described above, by spacing the both outer- 
most antenna elements of each subarray at longer inter- 
vals than the inner antenna elements, the power of the 
received signals from the both outer antenna elements 
can be made smaller than the power of the received sig- 
nals from the inner antenna elements, so that the side 
lobes of the subarray directional pattern can be sup- 
pressed. That is, in the basic embodiment of the present 
invention shown in Fig. 6, the side lobes of the subarray 
directional pattern can be further suppressed by ulti- 
mately making the received signal power from the both 
outermost antenna elements of each subarray smaller 
than the received signal power from the inner antenna 
elements through the use of the method described 
above in respect of Fig. 6 or 1 1 . Of course, it is apparent 
that the control of the power combining ratio in the high- 
frequency signal combiner, described previously with 
reference to Fig. 6, and the adjustment of the antenna 
element spacing of the subarray, described above in 
connection with Fig. 1 1 , may be used in combination. 
Hence, in the following description of other embodi- 
ments of the invention intended to suppress the side 
lobes, the antenna elements of the subarray are 
assumed to be spaced at equal intervals unless speci- 
fied, and the operation for suppressing the side lobes 
may be carried out by the high-frequency signal com- 
biners 22 1 to 22 4( or by adjusting the antenna element 
spacing without changing the combining ratio in the 
high-frequency signal combiners, or by a combination of 
the two methods. 

[0023] Incidentally, as the side lobes of the subarray 
directional pattern are suppressed as depicted in Ftgs. 
9 and 1 0, the main lobe of the subarray directional pat- 
tern becomes wider, sometimes resulting in the grating 
lobes entering the main lobe of the subarray directional 
pattern as shown in Fig. 9. It is desired to implement the 
subarray which not only suppresses the side lobes but 
also holds the width of the main lobe constant. These 
requirements could be met by reducing the width of the 
main lobe or increasing the grating lobe spacing in 
accordance with an increase in the width of the main 
lobe. The former method can be implemented by reduc- 
ing the center-to-center spacing between adjacent sub- 
arrays, and the latter method by increasing the number 
of antenna elements of each subarray. 
[0024] A description will be given first of embodiments 
in which the center-to-center spacing between adjacent 
subarrays is reduced to thereby suppress the spreading 



of the main lobe of each subarray that accorrpanies the 
suppression of side lobes. While in the following embod- 
iments the total number M of antenna elements of the 
array antenna and the number of elements of each sub- 
5 array are specified, the present invention is not limited 
specifically to them. 

[0025] In the embodiment of Fig. 12, the total number 
M of elements of the antenna array is 16 and the 
number of antenna elements of each subarray is 4. In 

w contradistinction to the embodiments of Figs. 6 and 1 1 , 
the width of each subarray is assumed to be 3d. As is 
the case with the aforementioned embodiments, the 
high-frequency received signals from the antenna ele- 
ments of each subarray are fed via the high-frequency 

is level -phase regulators 23 ^ to 23 4 to the high-frequency 
signal combiner 22j (j=1. 4), wherein they are com- 
bined. Let it be assumed that the side lobes of each 
subarray directional pattern are suppressed by making 
the received signal power from the both outermost 

20 antenna elements of the subarray smaller than the 
received signal power from the inner antenna elements 
at the time of combining the received signals by the 
high-frequency signal combiner 22j, or by selecting the 
spacing between the two middle antenna elements of 

25 each subarray to be shorter than the spacing between 
the outer antenna elements (the suppression of side 
lobes). Further, in this embodiment, the spacing 
between the adjoining outermost antenna elements of 
adjacent subarrays, that is, the spaces between fourth 

30 and fifth antenna elements 1 1 4 and 1 1 5 , between eighth 
and ninth antenna elements 1 1 8 and 11 9 , and between 
twelfth and thirteenth antenna elements 11 2 and 11 3 
are made smaller than d, in this example, d/2, whereby 
the center-to-center spacing between adjacent subar- 

35 rays is made 3.5d, smaller than 4d in the cases of Figs. 
6 and 1 1 . This embodiment is identical in construction 
with the Fig. 6 embodiment except the above. By reduc- 
ing the center-to-center spacing between adjacent sub- 
arrays as mentioned above, the spreading of the main 

40 lobe of the subarray directional pattern can be sup- 
pressed as conceptually depicted in Fig. 13, by which it 
is possible to prevent the grating lobes from entering the 
main lobe due to the suppression of side lobes. 
[0026] In the embodiment of Fig. 14, the spacing 

45 between the adjoining outermost antenna elements of 
adjacent subarrays is zero. That is, the center-to-center 
spacing 3d between the adjacent subarrays is equal to 
the subarray width 3d. In this case, the outermost 
antenna elements of the adjoining subarrays are made 

so integral (common to them), with the result that the 
number of antenna elements of the whole array antenna 
is reduced to 13. The received power from each of the 
antenna elements 11 4 , 11 7 and 11 10 shared by the 
adjoining subarrays is divided into two equal portions, 

55 which are fed to the fourth and first high-frequency level - 
phase regulators 23 4 and 23 1 of the adjacent subarrays, 
respectively. The side lobes may be suppressed using 
either of the two aforementioned methods. In this 
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embodiment, too, it is possible to prevent the spreading 
of the main lobe of the subarray due to the suppression 
of the side lobes and hence prevent the grating lobes 
from entering the main lobe. 

[0027] In the embodiment of Fig. 15, the two high-fre- 
quency level-phase regulators 23 4 and 23 1 , wNch are 
connected to the output of each of the antenna ele- 
ments 1 1 4 . 11 7 and 1 1 10 shared by the adjoining subar- 
rays in the Fig. 14 embodiment, are also shared by one 
high-frequency level-phase regulator 23. Accordingly, 
the output from each high-frequency level-phase regu- 
lator 23 is equally distributed to adjacent subarrays and 
fed to the individual high-frequency signal combiner 
22j +1 0=1,2,3). The side lobes of the subarray direc- 
tional pattern may be suppressed by either of the afore- 
mentioned methods. 

[0028] In the embodiment of Fig. 16, the center-to- 
enter spacing between adjacent subarrays in the Fig. 12 
embodiment is further reduced down to a value smaller 
than the subarray width 3d. In this example, the centers 
of the adjoining subarrays are located closer to each 
other than in the Fig. 12 embodiment by d, and hence 
the center-to-center spacing between the subarrays is 
2.5d, with the result that the adjacent subarrays overlap 
by d/2. That is, the adjacent subarrays overlap so that 
the fourth antenna elements 1 1 4 . 1 1 8 and 1 1 12 of one of 
two adjoining subarrays are placed intermediate 
between the first antenna elements 11 5 , 11 9 and 11 13 
and second antenna elements 1 1 6( 11 i 0 and 11 14 of the 
other subarray, respectively. 

[0029] In the embodiment of Fig. 1 7, adjacent subar- 
rays are disposed in overlapping relation with each 
other as is the case with the Fig. 16 embodiment, but 
this structure causes an increase in the interference 
between the adjoining antenna elements in the 6/2 over- 
lapping portions of adjacent subarrays; to avoid this, the 
spacing between the first and second antenna elements 
and the spacing between the third and fourth antenna 
elements of each subarray are both increased to 2d so 
that the antenna elements in the overlapping portions of 
the adjoining subarrays are spaced the same distance d 
apart. As a result, the subarray width is 5d and the 
center-to- enter spacing between adjacent subarrays is 
4d. In this embodiment, since the antenna element 
spacing in the outer portion of each subarray is selected 
to be 2d which is larger than the spacing d between the 
inner antenna elements, the side lobes of the subarray 
directional pattern are suppressed. 
[0030] In the embodiment of Fig. 18, the center-to- 
enter spacing between adjacent subarrays is 4d as in 
the case of the Fig. 6 embodiment, but the number of 
antenna elements of each subarray is larger than in the 
above-described embodiments, six antenna elements 
in this example, so that the grating lobes of the com- 
bined directional pattern develop at longer intervals and 
are thereby prevented from entering the main lobe of 
the subarray spread by the suppression of the side 
lobes. In this embodiment since two adjoining antenna 



elements of adjacent subarrays are used in common 
thereto, the total number M of antenna elements of the 
array antenna is 18, and they are spaced the same dis- 
tance d apart. The received power of each shared 

5 antenna element (11s, for instance) is distributed 
equally or in a certain ratio to adjacent subarray and fed 
to the high-frequency level-phase regulators, for exam- 
ple, (23! and 23 5 ) of adjacent subarrays, respectively. 
The outputs of the respective high-frequency level- 

70 phase regulators 23^ to 23 5 of each subarray are fed to 
the high-frequency signal combiner 22j. This embodi- 
ment implements great overlapping of adjacent subar- 
rays by using two antenna elements in common thereto 
at their overlapping portion. The suppression of side 

is lobes is carried out by combining the received power of 
the two middle antenna elements and the received 
power of the outer antenna elements by the high-fre- 
quency signal combiner 22j in combining ratios 
decreasing with distance from the center of each subar- 

20 ray, or by decreasing the spacing between the inner 
antenna elements as compared with the spacing 
between the outer antenna elements. 
[0031] In Fig. 19, as is the case with the Fig. 18 
embodiment, the number of antenna elements of each 

25 subarray is six and two antenna elements are used in 
common to adjacent subarrays. but in this embodiment 
two high-frequency level-phase regulators, which are 
supplied with high-frequency received power from the 
two shared antenna elements are also used in common, 

30 and the output of each shared high-frequency level- 
phase regulator is equally distributed to the adjacent 
subarrays. The method for suppressing the side lobes in 
each subarray is the same as in the case of the Fig. 19 
embodiment. 

35 [0032] While in the above the present invention has 
been described as being applied to multichannel receiv- 
ers, the invention also produces its effect when 
employed in a one-channel receiver. 
[0033] The present invention is applicable to a trans- 

40 mitter as well. An embodiment is depicted in Fig. 20. In 
the Fig. 20 embodiment each channel is formed by a 
receiving part 100 and a transmitting part 200. The 
receiving part 100 is the same as shown in the channel 
1^ in the Fig. 6 embodiment. In this instance, the trans- 

45 mitting part 200 comprises: a baseband hybrid 31 pro- 
vided corresponding to the baseband signal combiner 
17 in Fig. 6, whereby the input baseband signal to be 
transmitted is distributed to L; baseband level-phase 
regulators 32^ to 32 L provided corresponding to the 

so baseband level-phase regulators 161 to 16L; transmit- 
ters 33! to 33 L provided corresponding to the receivers 
15! to 15l; high-frequency hybrids 34! to 34 L provided 
corresponding to the high-frequency signal combiners 
22 t to 22 L . for distributing high-frequency transmitting 

55 signals; and high-frequency level-phase regulators 35! 
to 35 4 provided corresponding to the high-frequency 
level-phase regulators 23! to 23 4 . The high-frequency 
transmitting signals from the high-frequency level- 
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phase regulators 35 A to 35 4 are applied to the high-fre- 
quency distributor 13, from which they are sent to the 
corresponding antenna elements of the corresponding 
subarray 

[0034] When the mobile station and the base station 
communicate for a short period of time, uplink and 
downlink channels can be regarded as substantially the 
same. Accordingly, the subarray directivity and the com- 
bined directivity of the whole array antenna set by the 
base station for reception can be used intact for trans- 
mission. Then, as shown in Fig. 20, the baseband coef- 
ficients Z-t to 2 L generated in the adaptive signal 
processing part 18 of the receiving part 100 are set 
intact in the baeband level-phase regulators 32-, to 32 L 
of the transmitting part 200. Furthermore, the coeffi- 
cients Wi to W 4 determined in the subarray level-phase 
control part 25 of the receiving part 100 are set intact in 
the high-frequency level-phase regulators 35i to 354. 
Hence, it is possible to perform transmission with the 
same subarray directivity and combined directivity as 
those obtainable in the receiving part 100. 
[0035] Although in fig. 20 the receiving part 1 00 has 
been described to use the configuration shown in Fig. 6, 
any embodiments described above can be used. In 
such a case, the transmitting part needs only to be con- 
structed corresponding to the receiving part as in the 
case of Fig. 20. 

EFFECT OF THE INVENTION 

[0036] As described above, according to the present 
invention, the subarray arrangement of antenna ele- 
ments implements the combined directivity controllable 
over a wide range without involving marked increases in 
the number of receivers and processing circuits and in 
computational complexity, and permits reduction of the 
number of receivers used. When the present invention 
is applied to a multichannel receiver, a wide service 
area can be obtained by fixing the subarray directional 
pattern in a different direction for each channel part and 
switching between the channel parts. That is, it is possi- 
ble to retain the effects (high gain and elimination of 
interfering signal components) based on the conven- 
tional subarray arrangement (Fig. 2) and obtain a wide 
service area without causing marked increases in the 
numbers of receivers and processing circuits and in the 
computational complexity. 

[0037] Moreover, the present invention can also be 
applied to transmitters. 

Claims 

1 . An adaptive array antenna comprising: 

a plurality of subarrays of antenna elements 
arranged in groups of at least two, said antenna 
elements each outputting a high-frequency 
received signal; 



a plurality of high-frequency level-phase regu- 
lators for regulating the levels and phases of 
said high-frequency received signals from said 
at least two antenna elements of each of said 

5 plurality of subarrays, thereby setting the direc- 

tivity of said each subarray; 
a high-frequency signal combiner for combin- 
ing the regulated high-frequency received sig- 
nals from said plurality of high-frequency ievel- 

10 phase regulators corresponding to said each 

subarray and for outputting the combined high- 
frequency signal; 

a receiver for converting said combined high- 
frequency signal from said high-frequency sig- 
15 nal combiner corresponding to said each sub- 

array to a baseband signal and for outputting 
said baseband signal; 

a baseband level-phase regulator for adap- 
tiveiy regulating the level and phase of said 

20 baseband signal from said receiver corre- 

sponding to said each subarray; 
a baseband signal combiner for combining the 
regulated baseband signals from said base- 
band level-phase regulators corresponding to 

25 said plurality of subarrays, respectively, and for 

outputting the combined baseband signal; and 
an adaptive signal processing part whereby 
said baseband level-phase regulators corre- 
sponding to said plurality of subarrays, respec- 

30 tively, are adaptively controlled based on said 

combined baseband signal from said base- 
band signal combiner to set the combined 
directivity of all the antenna elements in the 
direction of a desired signal. 

35 

2. The adaptive array antenna as claimed in claim 1, 
wherein the number of antenna elements of the 
group forming each subarray is equal to or greater 
than 3, and said high-frequency signal combiner 

40 corresponding to each of said groups is a combiner 
whereby high-frequency received signals from said 
plurality of antenna elements of the corresponding 
group are combined at a less-than-1 ratio of the 
power of the high-frequency received signals from 

45 both outermost antenna elements of said group to 
the power of the high-frequency received signals 
from the inner antenna elements, thereby sup- 
pressing side lobes of the directional pattern of said 
each subarray. 

50 

3. The adaptive array antenna as claimed in claim 1, 
wherein the spacing between antenna elements at 
both sides of middle antenna elements of said each 
subarray is made larger than the spacing between 

55 said middle antenna elements, thereby suppress- 
ing side lobes of the directional pattern of said each 
subarray. 
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4. The adaptive array antenna as claimed in claim 2 or 
3, wherein the antenna elements of said each sub- 
array are arranged at equal first spacing and the 
antenna elements of the subarray adjoining said 
each subarray are arranged at a second spacing 5 
smaller than said first spacing. 

5. The adaptive array antenna as claimed in claim 2 or 
3, wherein: said second spacing is 0; one antenna 
element is shared as adjacent antenna elements 10 
belonging to said adjoining subarray s; and the 
received signal power from said shared antenna 
element is divided into two equal portions, which 

are fed to said high-frequency level-phase regula- 
tors corresponding to said adjoining subarrays. is 

6. The adaptive array antenna as claimed in claim 2 or 
3, wherein: said second spacing is 0; one antenna 
element is shared as adjacent antenna elements 
belonging to said adjoining subarrays; one high-fre- 20 
quency level-phase regulator is used as said high- 
frequency level-phase regulators corresponding to 
said adjacent antenna elements belonging to said 
adjoining subarrays; the received signal from said 
shared antenna element is applied to said shared 25 
high-frequency level-phase regulator; and its output 
received signal is equally distributed to said high- 
frequency signal combiners respectively corre- 
sponding to said adjoining subarrays. 

30 

7. The adaptive array antenna of clam 2, wherein the 
antenna element spacing of said subarrays is equal 
and adjoining subarrays overlap with each other by 
the half of said antenna element spacing. 

35 

8. The adaptive array antenna as claimed in claim 3, 
wherein first spacing between each outermost 
antenna element of said each subarray and the 
inner antenna element adjacent thereto is made 
twice larger than second spacing between said 40 
inner antenna elements, and adjoining subarrays 
overlap with each other by said second spacing. 

9. The adaptive array antenna as claimed in 2 or 3, 
wherein: said each subarray has at least six 45 
antenna elements: two antenna elements are 
shared by adjoining ones of said subarrays; and the 
received signals from said shared antenna ele- 
ments are equally distributed to the groups to which 
said adjoining subarrays belong, respectively, and so 
applied to high-frequency level-phase regulators 
corresponding to the respective groups. 

1 0. The adaptive array antenna as claimed in claim 2 or 

3. wherein: said each subarray has at least six 55 
antenna elements; two antenna elements are 
shared by adjoining ones of said subarrays; two 
high-frequency level-phase regulators are shared 



by said adjoining subarrays; received signals from 
said two shared antenna elements are applied to 
said two shared high-frequency level-phase regula- 
tors; and the output from each of said level -phase 
regulators is equally distributed to said high-fre- 
quency signal combiners of said adjoining subar- 
rays. 

11. The adaptive array antenna as claimed in any one 
of claims 1 to 8, wherein the number of antenna ele- 
ments of said each subarray is at least four and the 
number of said subarrays is at least two. 

12. The adaptive array antenna as claimed in any one 
of claims 1 to 10, further comprising a subarray 
level-phase control part which, based on the 
received signals from said plurality of antenna ele- 
ments of at least one subarray, determines coeffi- 
cients to be set in said plurality of high-frequency 
level-phase regulators corresponding to said subar- 
rays so that the peak of the directional pattern of 
said each subarray is in the direction of a desired 
signal, and sets said coefficients in said plurality of 
high-frequency level-phase regulators correspond- 
ing to said plurality of subarrays. 

13. The adaptive array antenna as claimed in any one 
of claims 1 to 10, wherein a set of said plurality of 
high-frequency level-phase regulators correspond- 
ing to said each subarray, said high-frequency sig- 
nal combiner corresponding to said each subarray, 
said receiver corresponding to said each subarray, 
said baseband level-phase regulators correspond- 
ing to said each subarray, said baseband signal 
combiner and said adaptive signal processing part 
is provided for each of a plurality of channels, and a 
high-frequency distributor is provided which distrib- 
utes the received signal from each of said antenna 
elements to said plurality of channels for application 
to high-frequency level-phase regulators corre- 
sponding thereto, respectively. 

14. The adaptive array antenna as claimed in claim 12, 
further comprising: 

a baseband hybrid for distributing a transmit- 
ting baseband signal in correspondence to the 
respective subarrays; 

baseband transmitting level -phase regulators 
in which coefficients corresponding to said 
respective subarrays from said adaptive signal 
processing part are set, for regulating the lev- 
els and phases of said distributed transmitting 
baseband signals; 

transmitters by which said transmitting base- 
band signals from said baseband transmitting 
level-phase regulators corresponding to said 
respective subarrays are converted to and out- 
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put as high-frequency transmitting signals; 
a plurality of high-frequency level-phase regu- 
lators for regulating the levels and phases of 
said high-frequency received signals from said 
plurality of antenna elements of said each sub- 5 
array to thereby set the directional pattern of 
said each subarray; 

a high-frequency hybrid by which said high-fre- 
quency transmitting signal corresponding to 
said each subarray is distributed correspond- 10 
ing to the plurality of antenna elements of said 
each subarray; 

high-frequency transmitting level-phase regula- 
tors supplied with high-frequency level-phase 
coefficients of said each subarray from said 15 
subarray level-phase control part P for regulating 
the levels and phases of said distributed high- 
frequency transmitting signals in accordance 
with said high-frequency level-phase coeffi- 
cients and 20 
a high-frequency distributor for sending the 
outputs of said high-frequency transmitting 
level-phase regulators to the antenna elements 
corresponding thereto, respectively. 

25 
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